Introduction
The organic ultra thin films fabricated by using the Langmuir-Blodgett (LB) technique have received much attention in the field of microelectronics, sensing technology, and so on. It is anticipated that polymers with high performance are useful candidates for the materials of the ultra thin films because the most important factor for the practical use is their durability. We have reported the preparation of LB films for polyimide by means of "precursor method" [1] . The reasons why we picked up polyimide are as follows; (1) polyimide has the excellent chemical, physical, and electrical properties, (2) polyimide is widely used as reliable insulating materials, and (3) polyimide is known as the useful material for the orientation film of the liquid crystalline cell.
We revealed that the behavior of monolayers of polyamic acid alkylamine salts is influenced by the number of alkylchains of alkylamines and the orientation of the resulting precursor LB films is dominated by the characteristics of monolayers [2, 3] . Further, we have demonstrated that the collapse behavior for monolayers is not always predicted from their surface pressure-area (it-A) isotherms on the basis of Brewster angle microscopy (BAM) [4] . In this paper, we discuss the behavior of monolayers for polyamic acid alkylamine salts containing the dimethylsiloxane structure by means of BAM as well as the characterization of their LB films.
Experimental
Alkylamines with single-(la), double-(ib), and triple-chains (ic) and polyamic acid without dimethylsiloxane (4) were synthesized according to the reported method [2] . Polyamic acids (2, 3) with dimethylsiloxane were prepared by adding aromatic diamine to the mixture of diamine having the dimethylsiloxane structure and acid anhydride. The structures of 1, 2, 3, and 4 are shown in Fig. 1 . The ac-A isotherm measurements and BAM observation for monolayers, and the preparation and characterization of LB films were carried out according to the reported methods [2, 4] .
Results and Discussion

Monolayers
at the air-water interface 2 and 3 do not form monolayers at the air-water interface, but their alkylamine salts form stable monolayers (Fig. 2) . The limiting areas for 2a, 2b, 2c, 3a, 3b, and 3c obtained from the t-A isotherms are 1.9, 2.4, 2.1,1.9, 2.3, and 2.1 nm2/unit, respectively. The limiting areas are much larger than the areas estimated from the number of alkyl chains in the repeating unit of polyamic acids. However, it is interesting that the limiting areas are dependent only on the number of alkyl chains but independent on the length of dimethylsiloxane unit. 
Characterization of the LB films
The monolayers of polyamic acid alkylamine salts with multichains were deposited at each upward and downward (Y type) on the glass slides. On the other hand, the deposition mode of polyamic acid alkylamine salts with single chain was Z-type where the monolayer is transferred only upon withdrawal.
The layered structure in LB films was investigated by X-ray diffraction measurement (Fig.   3 ). The d-spacings of LB films (25 mN/m) for 2b, 2c, 3b, and 3 c estimated from 26 were 4.05, 4.86, 4.30, and 4.64 nm, respectively. These are smaller than those of the corresponding LB films for 4b and 4c [2] . The cross-section of two molecules of alkylamine in the repeating unit is smaller than the unit area of 2 and 3, even when the alkylamine 1 c with triple chains is employed.
Therefore, the decreases of d-spacings are due to the tilt of alkylchains of amine. The d-spacings for 2b and 3b are smaller than those for 2c and 3c. The d-spacings and the deposition mode suggest that the LB films for 2b, 2c, 3b, and 3 c consist of the bilayer structure.
FTIR-RAS spectra of LB films (25 mN/m) for 2a, 2b, 2c, 3a, 3b, and 3c are shown in CH2 stretching vibrations, and the bands at 2874 and 2961-2963 cm-1 are due to the symmetric and asymmetric CH3 stretching vibrations. The LB films for 2b and 3b hardly exhibited two bands due to the CH3 stretching, but those for 2c and 3c showed two CH3 stretching bands. The intensities of CH2 stretching of 2c and 3c were almost identical to those of 2b and 3b, in spite of the increase of the number of alkylchains in the repeating unit of polyamic acid. The CH2 stretchings of the LB films for 2a and 3a exhibited weaker intensities. However, the intensities of bands of CH3 and CH2 increased with the increase of deposition pressure, because the concentration of alkylchains increased with compression. These results imply that the alkylchains in LB films for 2c and 3c are less tilted from the normal direction, and alkylchains for 2a, 2b, 3a, and 3b are appreciably tilted, which are in agreement with the results of X-ray diffraction.
Conclusion
The formation of monolayers for polyamic acid having the dimethylsiloxane structure was demonstrated by ion-pairing with alkylamines with single-, double-and triple-chains. It was showed that the LB films obtained from polyamic acid alkylamine salts with multichains consist of the orientated bilayer structure. The ultra thin films of polyimides with the dimethylsiloxane structure were prepared by imidizing these LB films.
